How myeloma cells escape bisphosphonate-mediated killing: development of specific resistance with preserved sensitivity to conventional chemotherapeutics.
Although amino-bisphosphonates (N-BPs) induce apoptosis of myeloma cells in vitro, most in-vivo studies fail to demonstrate a corresponding antitumour effect. This discrepancy might reflect the development of resistance to the antitumour effects of N-BP in myeloma cells when they are exposed to N-BP for a prolonged time. To test this hypothesis, two N-BP-sensitive human myeloma cell lines were continuously exposed to increasing concentrations of the N-BP alendronate for 6 weeks. During this treatment period, 10 out of 10 sublines developed reduced apoptotic and antiproliferative responses to alendronate treatment. This de novo alendronate resistance was accompanied by resistance to another N-BP (zoledronate) but not to an inhibitor of 3-hydroxy-3-methylglutaryl CoA reductase or Fas ligand. Importantly, N-BP-resistant myeloma cells also remained sensitive to conventional myeloma chemotherapeutics (melphalan, doxorubicin and vincristine). Further analysis of the N-BP-resistant cells revealed an increased activity of the N-BP-specific target enzyme farnesyl pyrophosphate synthase, without upregulation of its gene transcription. Our results suggest that continuous exposure of myeloma cells to alendronate leads to the development of N-BP resistance. This is associated with an increased activity of farnesyl pyrophosphate synthase and does not evolve from defective apoptotic pathways. Importantly, the antitumour effects of conventional myeloma chemotherapeutics are preserved in the N-BP-resistant myeloma cells.